Recently, several astrophysical data or would-be signals has been observed in different dark-matter oriented experiments. In each case, one could fit the data at the price of specific nature of the coupling between the Standard Model (SM) particles and a light Dark Matter candidate: hadrophobic (INTEGRAL, PAMELA) or leptophobic (WMAP Haze, dijet anomalies of CDF, FERMI Galactic Center observation). In this work, we show that when one takes into account the more recent LEP and Tevatron analysis, a light thermal fermionic Dark Matter ( 10 GeV) that couples to electrons is mainly ruled out if one combines the analysis with WMAP constraints. We also study the special case of scalar dark matter, using a mono-photon events simulation to constrain the coupling of dark matter to electron.
I. INTRODUCTION
Very recently, the CDF collaboration announced the observation of an excess of events which include a lepton (electron or muon), missing transverse energy, and two jets [1] . Many studies have been done since then motivating the existence of light dark matter candidates (see e.g., [2] ). Some authors [3] interpreted this excess by the introduction of a new gauge boson with sizable couplings to quarks, but with no or highly suppressed couplings to leptons (a leptophobic dark boson). Dark matter experiments had also given some hints for signals in direct or indirect detection modes. On one hand, some hadrophobic dark matter candidates were proposed in [4] [5] [6] to explain the DAMA [7] and CoGENT [8] signals even if contradicted by the authors of [9, 10] . On the other hand, some authors showed that a light dark matter could at the same time explain these direct detection signals and the excess of emission observed by the Fermi Gamma Ray Space telescope [11] and the CDF signal if it annihilate predominantly into hadronic states. There was also cosmic rays excess measured in PAMELA or INTEGRAL [12] which needed hadrophobic dark matter. In each case the nature of the couplings of the dark matter with the Standard Model particles is fundamental in any kind of discoveries. Recently, the authors of [13] used the mono-photon events at LEP to constraint the nature of the dark matter couplings, concluding that a dark matter with mass 10 GeV with charged-leptonic couplings generates a too low annihilation rate to avoid the over-closure of the Universe. In this work, we compute the rate of hadronic coupling needed to reconciliate the LEP analysis with a thermal dark matter hypothesis and respect WMAP upper bound constraint. In section II, we will review the models and type of couplings we have studied. We give our result in the case of contact operator for a fermionic candidate in section IIIA, and * Yann.Mambrini@th.u-psud.fr † Bryan.Zaldivar@uam.es consider a scalar case in section IIIB. For the later, we ran a simulation of events at DELPHI experiment [14] in order to constraint the operator suppression scale, in the same fashion as is done in the literature for the fermionic DM. We then implement the constraints from the monojet event of Tevatron and XENON100 in the analysis in section IV before concluding in section V.
II. THE MODELS
We begin with the case of a fermionic WIMP, and study the 4 types of interactions consistent with the requirement of Lorentz invariance and strongly constrained by LEP analysis. This enables us to describe the interaction between WIMPs and standard model fermions in terms of an effective field theory, in which we keep only the first term in the expansion of the heavy propagator. However, contrarily to the description in [13] which was concerned by the leptonic constraints, we generalize the analysis taking into account 1) the neutrino couplings and 2) the possibility of hadronic tree level couplings. This implies the introduction of a second effective scale, Λ h . Indeed there is no reason for the effective hadronic breaking scale to be the same than the leptonic one Λ l . We will thus introduce hadronic and leptonic coupling constants g h and g l , such as
We will then consider the set of operators
Vector :
As we are interested in the ratio of the hadronic to the leptonic final states in the DM annihilation, we will consider without loss of generality an universal generation/family coupling in the hadronic sector: g i=u,d,c,s,b,t h = g h . Note that we assumed lepton flavor to be conserved in the dark matter interaction.
Recently, the authors of [13] made an analysis with relatively little model dependance, by pair production of pair of dark matter particles in association with a hard photon. The LEP experiments have searched for anomalous mono-photon events in their data sets, but have found no discrepancy from the prediction of the standard model. They used the mono-photon spectrum from the DELPHI experiment to place upper bound to 1/Λ 
Θ H being the classical heaviside function (Θ H (x) = 1 if x > 0, and 0 otherwise) and σ I,k is given by:
with
The LEP constraint on Λ e = Λ/ √ g e gives a maximum value for the leptonic annihilation cross section σ max l for each type of couplings we considered (A, B and C, see Fig.1 ). This maximum value of the leptonic cross-section give a lower bound on Ω χ h 2 : one thus can calculate the hadronic contribution needed to satisfy WMAP upper bound limit (Ω χ h 2 0.1) corresponding to the thermal condition σv 3 × 10 −26 cm 3 /s. This can be summarize by:
As an example, we can analytically evaluate the order of magnitude for the hadronic branching ratio Br h /Br l we expect for a dark matter mass m χ ≃ 5 GeV in the case of an electronic (case A) vector-like coupling (L V ). We combined the condition given in Eq. (7) to the value of σ V v computed through Eq.(6) with the value of Λ e obtained by LEP (see (above 90%). On the other hand, for vector and t-scalar interactions, the nature of the coupling plays an important role, being an hadronic component as large as 80% in one case (electronic coupling), or a 0% (i.e. no need of hadronic channel) in other case (universal leptonic), for a vector interaction for example. These behaviors can be understood from expressions (6) , where the scalar and axial interactions are suppressed by the velocity and the leptonic masses, respectively. As a consequence one needs a much larger hadronic contribution to ensure a relic abundance below the WMAP limit and avoid the over-closure of the Universe. However for the vector and t-scalar interactions there is no such suppression, so leading to possible large contributions coming only from the leptonic couplings.
We also observe that, paradoxically, the more electrophilic are the dark matter couplings (model A), the more hadrophilic it should also be. Indeed, because there are no possibility to fulfill the relic abundance constraints with charged lepton or neutrino channels and the hadronic final states become thus the dominant ones. In the charged leptonic and universal leptonic models (B and C), there exists a threshold mass with a null hadronic branching ratio: this corresponds to the mass for which the hadronic components of the annihilation rate are not anymore necessary (but can be present) to fulfill the relic density constraints. The leptonic channels are sufficient to avoid the relic overabundance for a DM mass above this threshold.
B. Scalar case
We also checked the case of a scalar dark matter. It could not be obvious at the first sight that we can apply the same analysis. In fact, we need to introduce a new scale Λ S . We will consider a real scalar dark matter, which is produced via the following scalar-type effective operator:
χχēe .
In an analogous procedure as the one done above for a fermionic candidate, we derive limits on the suppression scale Λ S /g e from mono-photon signals in the DELPHI experiment at LEP. We assumed for simplicity that all data was taken at an energy of 100 GeV per beam. We used MadGraph/MadEvent [19] to simulate the distribution of number of events with photon energy E γ . The background process e + e − → γνν was taken directly from the simulation done by [13] . On the other hand, the signal process e + e − → γχχ was studied assuming the following kinematical cuts: E γ > 6 GeV, and a photon rapidity η γ > 2.5. We realize that these constraints are less restrictive than in the fermionic case, so in principle the bounds on Λ S could be different if using those more rigorous cuts. To quantify this difference, we reproduced the bounds on Λ e coming from a signal due to a fermionic dark matter, and a vector-like effective operator, and compare it directly with the result shown in Fig.1 . The result, shown in Fig.3 -top, is a χ 2 /d.o.f. = 5.12/8, which means a small difference of our case with respect to the more correct result of [13] . We include as an example of a scalar dark matter signal, the simula- tion of a m χ = 10 GeV case, with a suppression scale Λ S /g e = 300 GeV, using the DELPHI luminosity of 650 pb −1 , shown in Fig.3 -bottom. We can extract from the above analysis that, for example, a scalar dark matter of m X = 10 GeV needs a suppression scale Λ S 520 GeV, in order to be compatible with LEP bounds.
After computing the production cross section for the fermionic dark matter (σ P f ) and bosonic one (σ P s ) one can show that, in the limit of s ≫ m χ (which is the case in our analysis) we obtained 
We thus observe that if we define Λ S ≡ Λ 2 / √ 2s we can deduce the lower limit on Λ S from the lower limit on Λ (see Fig.1 ). If imposing σ P f ≈ σ P s , taking a dark matter candidate with mass of 10 GeV, we deduce from the above expressions the lower bound Λ S 815 GeV. However from Fig.(3) we obtained Λ S 520 GeV, which implies that in fact σ 
and the lower limits shown in Fig.4 . It turns out that the scale Λ S /g e above which σ s S v starts to be of the order of the thermal relic one, is around 5 TeV. So in principle the LHC would be able to constrain the nature of couplings and interactions of a scalar DM candidate.
IV. COMPLEMENTARITY WITH OTHER EXPERIMENTS A. Fitting with WMAP
To run a more precise analysis, we decided to implement the contact coupling lagrangian into CompHEP and micromegas [20] for the different type of interactions (vectorial, scalar and axial) in the fermionic DM case. We then applied the last 5σ constraint on the relic density from WMAP experiment [18] , Ω WMAP h 2 = 0.1123 ± 0.0175 and ran a scan on the parameter space of the model (Λ l , Λ h , m χ ) keeping only the points respecting both astrophysical and accelerator constraints. We can understand easily that in order to respect WMAP upper bounds, the hadronic contribution depends on the type of interactions. After a look at Fig.2 , we decided to consider the most and the less conservative cases, which are the universal-leptonic coupling for vector-like interaction, and the electronic coupling for scalar-like interaction, respectively. The results are shown in Figs.5 and 6. We see that WMAP forbids a dark matter with hadrophilic couplings (g h /g e 10) of m χ 5 GeV for a vector interaction, and m χ 10 GeV for a scalar interaction. For such values of hadronic couplings, Ωh
When combined with LEP analysis, a large part of the parameter space with small g h /g e is excluded because of the non-observation of mono-jet events at LEP (which implies an upper bound on g e ). Whereas it excludes a broad region of the parameter space for a dark matter mass m χ 11 GeV in the vectorial case (in total agreement with Fig.6 of [13] ) it completely exclude leptophilic (g h /g e 0.1) dark matter with the scalar-like interaction. Combining these limits with the recent Tevatron analysis restricted even further the parameter space.
B. Tevatron constraints
Last year, the authors of [21, 22] made a similar analysis searching for mono-jet events for the Tevatron. These non-discovery of any events of this kind can be translated into a lower bound on Λ h ≡ Λ/ √ g h which depend on the nature of the coupling and is represented in Fig.4 .
Contrarily to the LEP analysis, the center of mass energy does not limit the lower bound on Λ h for m χ 100 GeV. We have only plotted the limit on the up-type coupling, which is the one we used through the paper to stay as conservative as possible (limits of down or charmtype couplings on Λ h are a factor 3 and 10 lower respectively [21] ). We can easily understand how the Tevatron constraint imply some strong tensions when combined with WMAP and LEP analysis. Indeed, to reconciliate LEP constraints with WMAP we needed to increase the hadronic contribution (and thus, the coupling to quarks) in the annihilation process. This then enters in conflict with the limit from the non-observation of mono-jet excess at Tevatron. To keep the logic of the work and keep a conservative analysis, we considered universal leptonic couplings (implying a smaller hadronic contribution to respect WMAP upper bound). The results are shown in Figs.5 and 6. Confirming the conclusions of [21] : for a vector-like coupling the Tevatron bound is the more stringent for dark matter mass below 5 GeV. Indeed, for such low mass, the hadronic branching ratio needed to respect in the meantime WMAP and LEP would produce a clear excess in mono-jet events at Tevatron and would have been observed. The Tevatron constraints are even more impressive for a scalar-like couplings, where all the parameter space allowed by the combined WMAP and LEP analysis is excluded by Tevatron data (Fig.6 ).
C. XENON100 constraint
Recently, the XENON100 collaboration has released several analysis claiming for no detection signal of dark matter [23] . Their results are by far the more constraining one in the field of direct detection experiments. One can easily understand that XENON100 is adding new tensions when combined with WMAP, LEP and Tevatron bounds. Indeed, the hadronic branching fraction required to avoid the overproduction of dark matter in the early universe could enter in conflict not only with Tevatron results but also with XENON100 exclusion limits. Indeed, whereas the s-channel dark matter production→ χχg is the process constraining Λ h at Tevatron, the nuclear recoil gives bound to Λ h (and thus g h /g e ) through the t-channel process χq → χq. As we can see in Fig.5 , XENON100 restrict even a larger part of the parameter space for m χ 6 GeV (which would not have been the case if we took into account the previous XENON100 analysis [24] ). Whereas the scalar-like interaction is already excluded without the XENON100 data, dark matter with vector-like coupling to the SM still survives in a narrow hadrophilic region of the parameter space with light dark matter 2 , and another region definitively hadrophobic for m χ 12 GeV.
V. CONCLUSION AND PROSPECT
Recently, several astrophysical data or would-be signals has been observed in different dark-matter oriented experiments. In each case, one could fit the data at the price of specific nature of the coupling between the Standard Model (SM) particles and a light Dark Matter candidate: hadrophilic or leptophilic. We computed the rate of hadronic coupling needed to respect WMAP combined with the LEP and Tevatron constraints from mono-jet events. We showed that a light fermionic dark matter ( 10 GeV) is mainly excluded whatever is its type of interaction, whereas heavier candidates ( 20 GeV) should be largely hadrophobic for vectorial interaction, but excluded for scalar one. We also studied the special case of scalar dark matter, using the mono-photon events to constraint the coupling of dark matter to electron with a complete simulation of DELPHI events and showed that LEP and Tevatron are not able to restrict the couplings. One of the main consequences is that models with light electrophilic couplings, explaining INTEGRAL data or constraints from synchrotron radiations are excluded by Tevatron/LEP analysis. One possibility to escape such strong conclusion would be to suppose that DM has no electronic coupling. In this case, LEP limits do not apply. Moreover, if at the same time the hadronic coupling is only to the bottom or charm quark, Tevatron XENON100 bounds are not applicable too. However such unnatural construction should be excluded by FERMI last analysis of dwarf galaxies [27] .
